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1. Introduction 
There are two types of neurotoxic proteins in the 
venoms of Elapidae and Hydrophiidae snakes. They 
are the short-chain neurotoxins (type I toxins) con- 
sisting of 60-62 amino acid residues with four disulfide 
bridges and the long-chain neurotoxins (type II toxins) 
consisting of 7 1-74 amino acid residues with five 
disulfide bridges [l] . Laticauda semifasciata III (Is III) 
is the only one exceptional neurotoxin so far identified 
that does not belong to either type [2,3]. The short- 
chain and long-chain toxins have similar neurotoxicity 
[4]. However, the differences distinguished between 
them in the effects of chemical modifications on the 
toxicity [5,6] suggest some difference in the role of 
the essential amino acids for neurotoxicity. 
In the preceding paper, Harada et al. reported the 
Raman spectra of the short-chain neurotoxins, erabu- 
toxins a and b (Ea and Eb), the denatured toxins, and 
the weakly neurotoxic Is III, and discussed on the 
structure-toxicity relationships [7]. 
Toxin B is a long-chain neurotoxin from the venom 
of the Indian cobra, Naja naja, and 71 amino acid 
sequence and the position of the five disulfide bridges 
have been determined [8], 
In the present paper, the Raman spectrum of 
toxin B is reported and the structure-toxicity relation- 
ships are discussed in comparison with the former 
results on the short-chain toxins [7,9]. 
2. Materials and methods 
Toxin B was prepared from the venom as previously 
reported [lo] . The aqueous solution of toxin B was 
prepared at concentration of about 100 mg/ml. The 
sample handling and spectroscopic methods were 
similar to that described previously [7]. The Raman 
spectrum was recorded with a laser power at the 
sample of about 300 mW and a slit width of 7 cm-‘. 
Original chart of Raman spectrum of toxin B is 
shown in fig. 1. 
3. Results and discussion 
The primary structure [8] of toxin B is shown in 
fig.2 in the form of two-dimensional schematic dia- 
gram for the convenience of the following discussion. 
The peaks of the amide I and III bands are observed 
at 1670 and 1241 cm-‘, respectively, which indicates 
the coexistence of random-coil and B-pleated-sheet 
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Fig.1. Raman spectrum of toxin B in water. 
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Fig.2. Two-dimensional schematic diagram of the primary 
structure of toxin B. The figure shows the general structure of 
snake neurotoxins as well. (0) invariant in 36 neurotoxins 
including Ls III. (0) common to the 16 long-chain eurotoxins. 
(:.:) lacking in some neurotoxins. 
structures [ 1 l- 131. No distinct Raman scattering 
implying a-helical structure is observed in the amide I 
and III regions [ll-131. 
The bands at 510 and 523 cm-’ are assigned to the 
SS stretching vibrations of the gauche-gauche (G-G) 
and gauche-trans (G-T) structures with respect to 
the C,Cp-SS-CPC, linkage [ 14,151. The intensity 
ratio of the peaks at 510 and 523 cm-’ is roughly 
10:8, which indicates that three out of five disulfide 
bridges take the G-G structure and the remaining two 
take the G-T structure. The bands at 662 (strong) 
and 705 cm-’ (weak) are assigned to the CS stretching 
vibrations of the trans and gauche forms, respectively, 
about the HC,-CBS bond [14,16]. 
The intensity ratio of the tyrosine doublet at 827 
and 850 cm-’ is about 8: 10. This is interpreted to 
indicate that the phenolic hydroxyl group of the single 
tyrosine residue at the 25th position is in the state 
with moderate-to-weak hydrogen bond but not 
forming the strong hydrogen bond with a proton- 
acceptor such as CO; or NH2 [17]. 
The lack of a distinct peak at 1361 cm-’ due to 
tryptophan residue suggests that the single tryptophan 
at the 29th position is exposed to the solvent [ 18,191. 
3.1, Comparison with the short-chain neurotoxins 
The Raman spectra of the short-chain neurotoxins, 
toxins isolated from the venoms of Lapemis hardwickii 
and Enhydrina schistosa [9], Ea and Eb [7] have been 
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investigated. The peak positions of the amide I and III 
bands of theSe neurotoxins indicate the predominant 
coexistence of random-coil and P-pleated-sheet struc- 
tures similarly to the case of toxin B. However, the 
amide I bands of the short-chain neurotoxins are 
sharper than that of toxin B and observed at higher 
frequencies (1672-l 674 cm-‘). This fact suggests that 
toxin B contains more fraction of random-coil than 
the short-chain neurotoxins. 
With respect to the structure of the disulfide brid- 
ges, the number of the bridges with the G-T structure 
about C,CB-SS-C,$, linkage is more in toxin B than 
that in each of the short-chain neurotoxins. Each Ea 
and Eb contains one disulfide bridge with the G-T 
structure and three with the G-G structure [7], while 
all of the disulfide bridges in the toxins from the 
venoms of L. hardwickii and E. schistosa take the 
G-G structure [9]. The peak due to the gauche form 
about HC,-CBS bond is observed at 705 cm-’ for 
toxin B, but not for the short-chain neurotoxins. 
The most remarkable spectral difference between 
toxin B and the short-chain neurotoxins is found in 
the intensity ratio of tyrosine peaks around 830 and 
850 cm-‘. Toxin B and all of the short-chain neuro- 
toxins discussed in this study have commonly single 
tyrosine residue at the 25th position which is one of 
the 14 common amino acid residues in neurotoxins. 
The tyrosine doublets of the short-chain neurotoxins 
are observed in common at 834 (strong) and about 
847 cm-’ (shoulder) [7,9], which indicates that the 
phenolic OH group of the tyrosine molecule is 
forming a hydrogen bond with a strong proton- 
acceptor such as CO, or NH2. On the other hand, the 
intensity ratio of the doublet of toxin B shows that 
the tyrosine is not forming a strong hydrogen bond 
but a moderate-to-weak hydrogen bond. 
The tryptophan at the 29th position which is also 
one of the 14 common amino acid residues in neuro- 
toxins is exposed to the solvent in every case. 
It is concluded from the above comparison that 
the structural similarity among the short-chain neuro- 
toxins is much higher than that between toxin B and 
the short-chain neurotoxins. This seems to indicate 
the difference of the essential structure of neurotoxi- 
city between the short-chain and long-chain neuro- 
toxins. This was also suggested by the studies on 
chemical modification [ 1,5,6] . 
It has been shown that Tyr25 in the short-chain 
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neurotoxins is not modified in the mild condition 
and that once Tyr25 is modified the toxin loses its 
biological activity and conformational change occurs 
concurrently [20-221. It is titrated only at pH values 
above 1 I .3 [20,21]. The Tyr25 in toxin B is easily 
modified without loss of toxicity nor conformational 
change and it is titrated at pH 11 .O [S] . These facts 
are consistent with the conclusion from the Raman 
studies that the state of Tyr25 is quite different 
between the short-chain and long-chain neurotoxins. 
A similar phenomenon is also found in the relation- 
ship between modification of Trp29 and toxicity. The 
Trp-modified derivatives of the short-chain neurotoxins 
have no toxicity [23-271, but those of the long-chain 
neurotoxins retain half the toxicity of native toxin at 
least [6,28]. 
Moreover, a few residues around the C-terminal of 
the long-chain neurotoxins which are absent in the 
short-chain neurotoxins have been found to contribute 
to toxicity to some extent. The fragments without four 
residues at the C-terminal of toxin B and Naja naja 
siamensis toxin 3 retains 70% and 50% toxicity, 
respectively [ 1,281. There is no common amino acid 
residue in the C-terminal region but there is at least 
one basic amino acid residue such as lysine or arginine 
RI. 
and long-chain neuro toxins 
3.2. Structure-toxicity relationships of the short-chain 
Both the short-chain and long-chain neurotoxins 
so far studied are known to block the acetylcholine 
receptor sites on the post-synaptic membrane [ 1,29 ] . 
However, it is evident from the above discussion that 
the essential structure for neurotoxicity is not the 
same between them. For the clarification of the 
structure-toxicity relationships of neurotoxins, 
accordingly, it is necessary to investigate the essential 
structures of the two types of toxins separately. 
The Raman spectral study on Eb and Trp-modified 
Eb revealed that Trp29 plays the role of a part of the 
key to the key-hole of acetylcholine receptor in the 
lethal activity [7]. The preservation of the higher 
structural location of Trp29 is essential for the full 
neurotoxicity of the short-chain neurotoxins and the 
strong hydrogen bond of Tyr25 is considered to be 
important in the maintenance of active conformation. 
The complete loss of toxicity caused by the modifica- 
tion of Lys53 is reported in the case of cobrotoxin 
[30]. Hence, there are at least two key parts which 
are both indispensable for the toxicity of the short- 
chain neurotoxins. 
The contribution of Trp29 moiety to toxicity is 
about 50% in the long-chain neurotoxins. The less 
significance of Trp29 in this case may be partly due 
to the lack of strong hydrogen bond of Tyr2.5 and the 
addition of the disulfide bridge between Cys30 and 
Cys34. They may distort the optimum structure 
around Trp29 for full toxicity as suggested previously 
in the discussion about the less toxicity of Ls III 
(about one-eighth toxicity of erabutoxins [31]) [7]. 
It is probable that the decrease of toxicity of the 
Trp29 moiety is compensated by the addition of some_ 
residues at the C-terminal in the long-chain neuro- 
toxins and that this is not the case in Ls III because 
of the lack of such residues. The amino acid at 53rd 
position of the long-chain neurotoxins is lysine or 
arginine [ I]. This part may contribute to the toxicity 
as well. If it is so, the long-chain neurotoxins have at 
least three key parts which cooperate to block the 
acetylcholine receptor sites. Ls III has no plus charge 
at 53rd position. This also may be responsible for its 
very weak neurotoxicity. 
It is plausible that the neurotoxicity of either type 
toxin is presented by the complementary action of 
more than two key parts. 
3.3. Search for the proton-acceptor of the hydrogen 
bond of Tyr25 in the short-chain neurotoxins 
In the preceding paper Harada et al. discussed the 
protonacceptor of hydrogen bond of Tyr25 on the 
basis of the assumption that Tyr25 of each of all the 
neurotoxins were forming a strong hydrogen bond 
with COZ or NH2 at a common position [7]. How- 
ever, present study reveals that Tyr25 of toxin B is 
not forming such a strong hydrogen bond. It is now 
necessary to search for the candidate of the proton- 
acceptor of Tyr25 in accordance with the above dis- 
cussion. 
We assume that Tyr25 of each of all the short-chain 
neurotoxins is hydrogen-bonded to a strong-acceptor 
amino acid with CO; or NH* in a common position 
which is not common to toxin B. Arg43 is the only 
residue that satisfies the above assumption. Next we 
extend the definition of common position to include 
the adjacent amino acids. In this case, Glu21 and Glu22 
can be the possible proton-acceptors. On the other 
293 
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hand, Arg43 is eliminated because toxin B has aspartic 
acid at a next (42nd) position. The results [30,32] of 
the chemical modification of the carboxyl groups in 
cobrotoxin that among the seven carboxyl groups only 
Glu21 is buried and that the modification of Glu21 
causes the loss of toxicity are indicative that the CO; 
group of Glu21 or Glu22 is hydrogen-bonded with 
Tyr25 in the short-chain neurotoxins. 
In conclusion, the comparison of the Raman spectra 
of short-chain and long-chain neurotoxi,u has revealed 
the difference of higher structure between them 
which is now believed to cause the different contribu- 
tion of Trp29 moiety to neurotoxicity in both type 
neurotoxins. Structural studies by the analysis of 
Raman spectra of other neurotoxins and cobra basic 
proteins with no neurotoxicity will give more detailed 
information on the problem. 
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